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© Constrained geometry addition n„i ~~ 

Parsers therefor, ^ZTo^tT™ for their pre 

use, and novel po. yme r S formed therewith eparaU ° n ' 

© Metal coord.nat.on complexes rnm ■ • 

^ ~r r ^Z^ZZ* * - -an. ser , es and 
^'erably. ,h e compS^C^T^ Th ~ ^ ^'tsTo ■J** *** 
- > aruciu,. ,„ whlCh (he nietaN both hoTn ' enW ° r Subs "^ cyclope^ L 7 rema,n ' n9 Subs " lu «*- 
substuuted) Cydopentadieny, ^y CoZT '° " ^^ ^ ^S^ pa " <" a 

e cenp^xe, ol :he (nven ,r on ,™ dOS " ane and ^.doalkaned.y. commlT °' neces ^.iy con SIra , ne d 
Uw,« accrs. ammon „ jm sa °.? ?^,ion polymery ca^ Z ^ pafl ' c ^<V Purred. 

Nee. Poly(rie(S compounds. pan , Cl)lar|y a , uminum 

J] ine mvpni.«« y c f esms and n<:o (1 ^ 



No*. Poly(rie(S compounds. pan , Cl)lar|y 

,hG ' nVen " on - " S " pseu ^-ndom copevmc, , C9n np h 

• -an 0e obta.ned U5ing (ne C5Ia , v£is 
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h 9 v,n S constrained -w.mo.rv Funhprmnro ,Z ymer,2a,IOn ca,a 'V sis compr (Sin g such mei a r complexes 

calal» 5IS ol me .nvenuon are capable ^T^ ITZ ^ ^ CMin COMIio " 5 - 

properties due ,o Ita, u ni qu e racil °m,° s %^L°T T" """"^ ^ O ' e> " 0 " s, » 
"refers. « y «e„e aromaac ^J"rt ™«Z*L°e7 * '"^ ™ V> «"* ali " h « 

" jszzzxzzz ~ ~ ~ %£*r ~ 

metal. Preferably ,he metal is bound to cvdo^ldt ■ k° ' ^ " C0n£,r5ined geometry about the 
" bo,, a ,, bond and a .X^S ~ - — group by 

.nclude metals hav.ng useful catalytic properties 6 com P ,exes al *° preferably 

comp.ex with salts of Brons.ed adds con tai^ 

discloses the ,ac, that such com P ,e X e^ru^ ^ 
.The forego.ng catalysts are not considered to be oarticularTvtJw, f POlymen 2a tion of olefins. 

Previous attempts to prepare cooolvm^ n. ^ ?S V ° e '' n po| y mef '«tion catalysts. 

* copofymers of styrene and e^he S^iT^ m ° n ° merS °-° te " ns - * ^ufar 

aromatic monomer or e.se iJm^^S^^^ T^*' inco ^°n of the v!nyfidene 
241 (1988) there is disc.osed a random ■ 2ZL « ^ P °' ymef Bu " etin ' 2 * 237- 

St yreneincorpora,ed,herein. The repo^d po^r yl^Tw^ T*™ 9 ' m °' e P * Ce "« 
t'tanium employed. V * W W3S 8 3 x 10 9ram S of polymer per micromole 

30 cata,y S ,s are .capable of 

'n one aspect the present inw^^Ta^f I constra.ned geometry, 
geometry. More part.cu.ar.y „ re , a , es t0 uct coordLT C °° rd ' na,,0n com P'*< having constra.ned 
comb.nat.on w,, n act.vat.ng "cocatalyst compound^ that are usefully emp,oyed in 

necessary therefor, geometry and to ihe precursor compounds 

vnyhdene aromatic monomers and mJures of L toreooina a* to th^ f 7 £! ' Dha " C Viny ' m ° n0me ' s 

According to the present invention there is nJ^.^ . 9 Pf ° dUCtS 

o' group 3 (other than scand.um,. 4-tO orTe antha"t? S Prvf TT*' 0 " C ° mpr ' Sin 9 » ™«a< 

- detach n-bonded mo,,y subst.tuted ^TS™ * £ ™ ° ^ °' ^ E ' ememS ** * 
strameo geometry about the metal atom such toxZ anl u * ^ C ° mp ' eX h3V " n 9 a con " 
de.ocal.ed. subst.tuted n-bonded mo.e.y a d 1 c te 0 a teas LT ^ ^ ^ °' ' he 
such angle in a compa.a.ve comp.ex d.f.er.ng on'y'n a to ons ra.n ° SUbS,i,Uen, " l6SS ^ 

"yctrogen. and p.ov.ded ludner iha. lor c ucn ™.lx« inmn COnS,ra,n - ,n0uc,n 5 ^ubst-tuen, is reptacea oy 

' n-bonoeo mo.e,v. w .y one .ne-eo. ,o° e'ac m e a'aTom oiZ " 7'° ^ Subs,i <^ 
n-bondc-o mo.e.y a '° m °' ,he Ccmplev 15 £ cycr.c. oeloca.. 2 ed. substituted 

Said metal coordmanon comnlexes arp rpiPrrPri ir, ^ , 
iovennc-," P " 3r6 re,erred ,0 h ere.nal,er as -metal ccord.nation complexes ol the 

'" '■ "■ '■ : '- r - :,; :'••<••• vn.-.r a mn,ii coordination comm.-. .... - 
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wherein: 



W Berne^T ° f Gf0UP 3 (0 ' her ' han £Cand ' Um) - 4 ' 10 - ° r * he ™™ <- the Periodic Table o, the 

2 P ( s iS a a mSr ntad ' enyl ° r K SubS,i,U,ed cyclopentadieny! group bound in an , bonding mode to M 
Z .s a mo.e.y compnsmg boron, or a member of Group 14 o< the Periodic Tab* rrfih. « 
opt.onaily sulfur or oxygen, sa.d mo.ety hav.ng up to 20 oVhydrooen *om S 1 ^ a " d 

, s together form a (used ring system: oon ^Qen atoms, and opt.onally Cp- and 2 

iTg^ZT " " *** **" *»* °' ^ Lew ' 5 base »■* group having up to 30 non- 

n is 0. i . 2. 3, or 4 depending on the valence of M; and 

V is an anionic or nonanionic ligand group bonded to Z and M rr^rw;™ rt ♦ 

2S wherein: 

L is a metal of group 1 or 2 of the periodic table of the elements, 
X is fluoro, chloro, bromo, or lodo 

A) contacting a metal compound of the formula MX*. , or a coordinated addur. «w~,* ^ ■ 
salt compound correspond^ ,o the formulas II or liTinan ine^T^T^ 3 d ' ani ° niC 

ox,d, 2"ig the metal to a higher oxidation state by contactina the reaction , t , . . 
noninterfering oxidizing agent. contacting the react.on product of step A) with a ^ 

^ There is a.so prov.ded a catalyst usefu. in addit.on po.ymeraations comprising the fo.fowing compo- 

cocatZ' C0Ord,na,,0n COmPleX °' ,nVen, '° n - Pfe,erably «o Formula I. and an activat.ng 

Further according to the present invention there is provided a m iu mwi 

a) a metal coordination complex of the invention, preferably corresponds to F 0rm , „ . „ 
cocatalyst. corresponding to Formula I. and an activating 

Further still according to the present .nvent.on there is provided a oolvmPr r • 

form one or more addit.on po.ymeri 2 ab.e monomers prepared by con Z an adcT " ymeri " d 
— or nature thereof under add,„on polymer.ation condition IZT^S^S^^ 
a) a a met, coordination complex of the invention, preferably correspond.ng ,o actlvat)ng 

e,y; n en s e"::: 0 h : r^:::;:::^ PE po,ymers wh,ch are h,ghiy - 

In addition there are prov.ded pseudo-random interpolymers of an o-olelin n-nir i„ , „ 

l he complexes ol the invention are usefully employed as catalvstc <n, 

Processes to p-epare pollers ma, are use.u. as molded amc.es c cv n P i °'^ e - a,10n 

<oam S ,o, cushioning appneations; and in the modification o. syn^ti and n-,ur T ? and 

compfexes may also be used as ca.a.ys.s for hydrogenation ca a W« cracl nn n ° CCUmn9 reS,nS ' ^ 
industrial aophcations ^enauons. catal^i.c crack.ng processes, and in other 



j5 

nents 

40 
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Figures 1-5 are computer generated models of constrained geometry comolexPs n( .ho •« . 

on single crystal X-ray data. ywneiry compieKes o( the in ve nt,on based 

Figures 6 and 7 are computer generated models of metal complexes based on sinole crystal y „ * 
showing less constraint than those of Figures 1-5 9 Y ray 

Figures 8-13 illustrate calculated and observed distribution of styrene ethylene and rev^w , 
u^^ethyienestyrene copolymers observ.ng p„dom 

Figure 14 i.l us trate$ lack of agreement between calculated and observed distribution of 6lh , 

„ :::r ed styrene oni,s in ~«~*>~* - com P ,e, e , .srs^-aE 

Figure 15 shows typical rheology curves of a GIPE resin according to the present invent,™ <^ hrt 
complex vscos-ty. ,-. and tan , curves as a function of shear rate, for the resin °™ "* 

inveZn 3 ' yPiCa ' * ^ m ° dUl ° S ™» F« «>< »» *PE «*ns of the present 

'5 Figure 17 shows typical rheology curves of a convent.onally prepared polyethylene re,,n <^h 

comptex vscosity. and tan 6 curves as a function of shear rate, for the Z ' ^ "* 

20 moieties as well as unsaturated cyclic systems ' ' * V V and 

sr. ::,r v>,em ™ is we me,ai ^ - sy ™* - — stress ™ v 

The geometry of the active metal site is further defined as follows The eentmiri m^hk • 
» may be defined as the averaoe of th* «.«w.«.„ v v V' centroid of the n-bonded moiety 

subsMuent ,s replaced by hydrogen have constrained geometrj for purp 0se 0 Z ^ ^ 
Preferably one or more of the above angles 9 decrease bv at uL « ! 6 pr6Sent ,nvent,on - 

wh.ch includes the metal. suosmuent is part of a ring system 

Preferably, monocyclbpenladienyl melal coordination comDlexes nl m n.,„ a „ , . 
aocord.no ,o ,he presen, ™en,ion have confined goomen L Zllet »' ? « "* ""'^ 

115 more preferably less man no'. mos, preferably fess ldan?05 ! 9 6 6 ' '* 1655 ' han 

- STTC^w n9emen,s 01 comp,e,es as * le ' m, " e0 " om si " 9te c " s,al x -' <—*>» 

;~ :;y , <,« 03. «. c, „ . m , ,,,a„, um r»r^rr«r~ 
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rigure S shows the ^infilA.r>ructai v 

ma, connects me cycrown^/ ^'^^tS^ * ' e ' a " Ve ' V '° n9 *"» «*"9 
atom 10 oe less contained The anolo ,LJ! L .7 lhe am,de «9»« allows Ihe 

cwal V5' '°-a«<s olefin pofpiwiafa, Is cons^raWv rt™ , ! " e ° '° 1,6 1,8 0 • T1 » 
C e r99 ,o up ,„ ( , M . 0 . lylamiaoWmelhv , ( , = ^ 

- ~~;:s^~ „ ^ amiao) ; 

9.0.P ma, connect th. cyclope„,edleny, * ^T^L ? ,h '^""^ """O *** "4 
a,om ,o be less con s ,, a ,„ed. T„ 8 aogle (Led bJZ^Z IZ 8 a ' ,ni< " , «*»« «• nilrogeo 
« <*. «. KM*, a,„ m (Til). « i^tTSi "I ^~«"Vl rlo 9 ( Ca. C3. C5.S- 
me KMy a ms Mlalys| , 01varas po , ym ^, 2 ™" ™ * '! m ' nM » «» '20.5 Accordingly. 

- ~ ,o u , m ,, uly , 

]*-mox a „e^ « -O bond i HTS 

AIR„X y oca,a, y s,s '"elude compounds corresponding , 0 the formula: 



w 

wherein 

R is each occurrence C - 10 alkyl or aralkyf 
a is halogen; and 
n is 1 . 2 or 3. 



tr "pSxrs^ 'Set::? co ™ ~* «-* ~ 

■enic compounds, conjugated or^J^cSLTT e,hy ' en,Ca ^ unsa, "*«* monomers, acet y - 
omers Include tne Cs _» .^ iTO ° n S^J^ P ^T- Carb ° n — ^. etc. Preferred m on- 
•nethyl-l-pemene. and 1-oc.ene. O.he p Zret ll T^T' ' S ° bolylene - »"«>uiene. 1-nexene. 4- 
-y-e. vinyl C n to r,de. ^"^,^1 t? ^ «^ 

err;:: 1 : ; ny r: ch,or,de ' ~r y,a,e ' — v« e n e . 

~r SP o^ — * -an, add^n po^fe v ,n y ,idene 

c "Gr ^ CG R" 



occurrence is hydro^H/ me ^ d T ' ,° f " " ? ° C8 ' b - G ^Penden„ y each 

"onomc-, „ ef , ing thlS subsliloon) 9 S V - Bv e e,m s,enca„v b u, ky " is mean , y 

.... . ■ - lt - n o<='d Ziegier-Natia 
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polymerization catalysts af a r5lo „ 

vinylidene compounds are mono™ ° mparab,e wi,h ^V 1 ™ Polymerizations Preferred hinrt w 

By the term "hindered vinylidene comnn„nw- • 
correspond-ng , 0 the formula; C ° m ^ « —n. add,,ion polymerizab.e viny.idene monomers 



7 0 CG 2 =CGR 

wherein fT is R 



^5 



50 



55 



Tji - — , 

Preferred metal coordination complexes ar* „,o A 
compos are those comprising a de^ocafeed ? hi J" baMd C ° mp,e * es ^rther preferred 

rad.cals. subst.tuted-hydrocarbyl radicals wherein on * 6 9f ° up COn sisting of hydrocarhvt 

As prev.ously meniioned the comntevo* ' dCCl ^ acc,ona,e - e, c - or a combinat.on thereof 

wmmmmmm 
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>5 



20 



25 



30 



35 



wherein R each occurrence is hydrogen or a moiety selected Irom the group consume of alkvl a™. .-, , 
germyl, cyano ha.o and combines thereof (e.g. alkaryl. aralkyl. si.yfsuLuted alky' ^ S 
aryl. cyanoa.kyl. cyanoaryl. haloalkyl. haloaryl. halosilyl, etc., having up to 20 non-hydrogen atoms or 1 
ad,acen« pa.r of R groups form a hydrocarbyl ring fused ,o the cyc.opentad.enyl moiety ' ' ° 

i,™ , ° C ^ Urrence 15 hydride or a moiet V Elected from -the group consisting of halo alkvl arvl si.v. 
germyl. ary.oxy. alkoxy. amide, siloxy and combinations thereof (e.g. alkaryl. aralky. silyl subs itu, P d 1 !■ 
s. y« subs.ttuted aryl. ary.oxy alkyl. a r yl ox y aryl. alkoxya.ky,. alkoxyaryl. ^idoafkyV £ do^ J tx ya k v 
snoxyary,. am.dosiloxya.ky.. ha.oa.kyl. ha.oaryl. etc., having up to 20 non-hydrogen atoms and n^S 
base ..gands havmg up to 20 non-hydrogen atoms: 

SR\ N°RY S o"; PRv' " PRX ° r 3 neU,fa ' tW ° e ' eC,r0n "*** " 9and Se,6C,ed ,f ° m ,he 9r ° UD cons ' s « in 9 of OR". 
M is as previously defined; and 

Z is SiRY CRv SiR- 2 SiRv CR- 2 CR' ? . CR' = CR% CR- ? SiR- ? . GeR"?. BR". BR- wherein- 

_ It should be noted that whereas formula I and the following formulas indicate a cyclic structure for thP 
catalysts when Y is a neutral two electron donor l.gand. the bond between M and Y 

Zf^r*"*™** m a,so - u shou,d be noted « » e exist 0 :: srs 

Further preferably, at least one of R. Z. or R- is an electron donating moiety. Thus, highly preferablv Y 
a n.trogen or phosphorus containing group corresponding to the formula .N(R">- or V? ^22 R~ 
•sC,-,c alkyl or aryl. ie. an amido or phosphido group * wherein R 

responlgTttC:,:' COmP ' eX COmPO ° ndS ^ amid0S " ane - ° f ^alkanediyl- compounds cor- , 



J5 



50 




N-R ' 



wherein: 

M is titanium, zirconium or hafnium, bound in an f bonding mode to the cyclopentadienyl group- 
each occurrence is hydrogen or a moiety selected from the group consisting of s i|y| alkvl arvl ,nd 
omb.nat.ns thereof having up to ,0 carbon or silicon atoms or an ed.acen, pai 0 '? J i t 
hydrocarbyl r.ng (used lo the cyclopentadienyl moiety: 9 P 3 

E •£ silicon cr carbon: 

X each occurence ,s hydnde. halo, alkyl. aryl. aryloxy or alkoxy of uo to 10 carbons- 
m 'S i or 2; and 

n is 1 Of 2 tieoendino on the valence of M 
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« ch,oro. bromo 7^oZZ T V '- Pen ' W ' he *»- <™W«9 isomers, norh 

P^W. e,c. Sp e ; rco2tn d eIhy '' Pf ° Py '- b ">"- pen«w. hex 7\ZlT ^ ^ ™ * 

>a«ien y) ,. me ,hyienetitan l um w ;f aned ' y ' ,i,an,,jm ^hlonde (e.hv.am J w ' < me %'amid 0) . 
si.aneman.um dlcft hST^H, u tv a ^^mido^ 

p The comptoJ can ^3^^ ^"^^ a -> £ '*e (Pheny,phos P^o>- 

Gfignard der.vat.ve of Um ? , y con,ac « ln 9 the metal reactant 

Suitable Solve n fs lor « ^ST^^ C ° mp °- d - sZm and ^ ' me « a ' or 

corresponding compound Jx" ' ^ * * 6 M isi " a lower oxkJa( . 

ox.d. 2 .ng agen, may thereafter J a "° n S ' a,e of M »» desired Z ° '° n 5,3,6 than in < n e 

*» accomp, lshed mereL T cr!^ P '° yed ,0 ra,se tn * oxidation stete of «+• m ^ non »nterfering 
reparation of C^JLZ^ !" sofven* and re l me,a '- The «***» is 

- oxidation potent e * ^ ^ ""Bering oxidising agen r T 1 ' 0 " 5 UWd h 

comptex format.on.or sub tZml; a ' Se ^ ^ ^ ^ kZ?* 00 "™^ 

agent i 5 AgC. DSeqUem ^^maUon processes. A pan.Cular y suit k? * W '* h ,he **W 

^ m order , 0 assis( jn tne ^ SU ' ,ab,e interfering oxidizing 

-9 to the formula MX 1 it ffl ? ^ me ' a ' ^pounds emp, oy ed in the 
coordinating agen, actd'i ' J* * ^ 3 

is a fuming | iquid wni 9 ° " e " k " 0wn techniques in the art. For examn.1 I V * U$e °' a suita °'e 

» easi'y handled. A pre eC CO o^n°r °"* baSiC n0nprp,ic compound The re^ ^ Wi,h an 

The reactions emp^Tn 9 **"* b ^oVofuran reSU,, ' n 9 so,i ^ -r, be more 

homogeneously That K , 2 P P3r ' n9 ,he meta ' complex may be rnn* . „ 

«* solvent m^^J^^ feacta ^ or the resulting prcJTc, ^eneously or 

^evera, mi„u, es , 0 « contacted under an ^ 1^ S h Ubs «y liable in 

~ ^ -in,g (he me(a( 

condensed monomer s Id p0 '^ation process and a sui.^T , " ' f ,he components 
««■ a.kane S and m. u es .he"; 1^™'""°" P-ess. Suitab e ^en s "7 " di,Uen *- ind ^9 
—cci under , e rt ^ e e Z * TT, **** *" ^« CT^/^ 
o^9en and should be handed 1 6 ' The Cata, y s,s * components are I ? r ° m SO,u " on a ocl 

onder vacuum. hand ' ed 3nd ,rans ' e "*d <« an , ne rt atmosphere sucta "T " ( ° b °' h m ° is,ure ™ 

The polymerisation ... „ f ° 9en ' af9 ° n or he,i ^ or 

*" «VPe PolymeSo "C ' ,0 k — '-hnigues for Zieo, . 

,0 2 50 C. a. reduced e-evated or' ? m ° n ° mer(s > and cata.ys, are con^e a, a ^ ^ ° f Kam, ° Sk >'- 
S'mosphere which may JTl Tl °* P ^ preSSUres T oe polymeria on ' empera,tJfe ff om -30 ' C 
^cuum. Hydrogen 1 Wanke " n9 9 as s ^h as nitrogen amp h T * under a " «ert 

as p-o^ 9 ::: \t:;v: um r ,n ,he ^ - ^ e,c - ° r u - 

a ^ alumina. MoCN or silicaTn n ,a,yS, may be uSed a ^ is or suoDorS 9 ^ ° ha ' n ,efmi " a «On 

^eo Su.,ab.e 'sote 1 *™ cJ^^»^ ^ such 

Tn e ,eac,on m ay to * c ^ rt * tt * n » n *»*- ™ excess ..nyLTZ™" ** W 
i-c-:.,o,,,a : ec hyo.oca.L , C ,° ndUC,ed u «der solution or S i urrv cond,, on! " C °' °' e ' ,n m on- 

£0 "d Phase powder ", v l " qu '°- ,n ^ Phase i 6 . ^ " 8 £ ^pens,on u,il, 2i „ Q a 

bV c-xpe,.men, 0 at°" r ^ ^ °' ^ ^ ^ V t ^ T™*^ 

" ■ Sk '" c - d £!i, san. Preferred amour., of r-,». y de,erm 'oed 

- v. c^ic.vst and cocatalys: are 
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75 



30 



35 



40 



^5 



spec 1 :;: r;rr: 9 at r ~?r y under9 ° r° us s * te 

cc.nce.ved ,o achieve, he SnZl^J^™"*^ ^ preCU ' S ° rS C ° dd P° s ^ly be 

of the present invent.on. * * SPe ° eS ** ^ env ' SIOned depart.ng from the scope^ 

^^ij^j:^;: ~oXe lerin9 or o,her su,,abie *~ ^ •* 

characteristics, Su.table L^ u^^^V^^ '^ nli0n ^ *° Pr ° V ' de desirab,e 
P.as„cizers. photosensitize., and ^iTes ZeT' ™<>^. bto win g a 9 en ts . lubricants. 

empioyed. Without wishing « 0 be Tund bv anv nan> ,h ^ S,ef,Ca " y hindered also b * 

the active site becomes crowded wTthP par, ' cu,a 7 heor y of operation. is be.ieved this ,s because 
that an o: her hindered vinT^p^ V° ^ ^ rt 

sequence. After the .ncorpLTn o one or 1 J, 7° ^ P ° ,ymer,Za,i ° n 35 the monomer in the 
s«e once again becomes 2^3 ^' "T 3 WndiMd ^ active 
» the v.ny.idene aromatic monomer oZ^Zl'T.InT * ^ * ^ h0 " eve '- 

reverse order, ie. so as to result in ^^1^^ 

mo,ety. " ,W ° me,hy,ene arou P s «* substituted polymer backbone 

Preferably such polymers possess a Mw of oreatPr than n nnn 
and most preferably greater than 30 000 Also JZ Z 1 ™° W P ' ehfab, y Sweater than 20.000 

D- 12 38 Procedure A condition E oMess man T '""J P °' ymerS P0SS6SS 3 me " ,(1de * <W- A S™ 
from 0.1 to 10. * *" ,2S< m ° fe pfeierab ^ ,rorT1 0 0 ' " '00 and most preferably 

con^Vg^:;;. wj^s ,y,,,ra compris,n9 a — comp,e * *** 

in substantially random ^nTluoZol JZT : nCOrpofate re,a,ive, V bul *y or hindered monomers 
insertion togic The coolers of C ^ "J* ^ concentrations according ,o an ordered 

compound or vinyffde^mZ " TT VT™ * 

copolymer lack well J^^T^Z^ h ' ^ 35 ^ eud0 -™ d °™". That is. the 
insen,on accordmg-to certam rules ' ^ "* reSp6Ctive m0nomers are to 

^^^^a^b^^.T^ de,3 " S - eSUl,in9 ' r ° m " "** - «* 
75.4 MHz. Samp.es TlooiL L SpeC,r ° £C ° Py al 130 C ^ * Parian VXR-300 spectrometer a, ■ 

•etrachforoethane d' ^^y^SFTS f***"* " ^ °' ^ ^"^zene* , .2.2- 
<ace l y.ace«ona. e) and a IrZ oMh 1 '„ ' W3S ^^^'V 005 M in chromium (III) tris- 

Parameters JcZ,^™^ ^£^£2? '° ?. 10 ™" NMR T ^ «U 
^ay. ,.o s wi ,h the decoup.er gated oT ng e efay FT T^ZlT^ * PU ' S6 36 ' : 
broadening 3H2 Soerfra mr. m a m , u «^y.. r 1 size o2K, number of scans. >30.000 line 

T^sto, » nouTS™ to «t IZZ ^ '? ""* : *'-«»"^ 1^77 pp.. TMS S ca,e 
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CH 2 -^ CH 2 — CH-CHp- 



•CH- 



•CH 



I 
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^,1 T e * p,ana,,on 0( foregoing experimental and theoretical results, and without w.shina to 
bound by any part.cular theory i, can be concluded that during the addition polymeri 2 a"on LI, 
amp.oy.ng the present catalysts, if a h.ndered monomer is inserted into the growing Symer chl l l 
monomer .nserted must be ethylene or a hindered monomer which is inserted in an inserted or "a ,n £ 
fash.on. Th.s is illustrated below tor a hindered vinyl monomer where M is the catalyst mil ^center HG K 
hmder.ng group, and P is the growing polymer chain: HG ' S a 



to 



M-P 



J 



hindered monomer 
insertion 



75 




r 



20 



HG 



2$ 



HG 



30 




tail-to tail 
insertion 



HG 



35 




/ 



40 



head-to-tail 
not allowed 
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During the polymerization react.on. ethylene may be inserted at any time. Alter an inverted or "..i. 
toH h,ndered monomer .nsert.on. ,he next monomer must be ethylene, as the insert* o anXr hindered 

7zz::^t om p,ace ,he h,nderin9 subst,,uem c,oser *« ^ e7; 

as desc ,bed above. A consequence ot these polymer.zation rules .s the catalysts 0 f this invention Ic > Z 
homopo,ymer l2e styrene to any appreciable extent, while a rn.xture of ethylene and , rene Ts rap idlv 
po.ymer.ed and may give h.gh styrene content (up to 50 mole percent styrene, copolymers * 
,nv.n,? ' Ur,he ' '" us,ra,,on °' ,he Ascription of the o-oief,n h.ndered monomer copolvme. of the oresen. 
nven..on. a computer mode, of the po.ymeri 2 at,on reaction was used to calcu.ate the'expe ted 4 NMR 
spectrum of the po.ymer product. The computer program u„.i 2 ed a random number qene^or to select 
e-lher .-olefin or rendered monomer to be inserted into a grow.ng po.ymer chai ,he ca cu lated he 
numbe, of each , ype 0 . >C NMR s ,gna, S resu.t.ng from thai insen.on. Polymers were ompute era ted 

^^£=1? ^' — '* "MR spectra for r^^S^^ 
Comouter s.mu.a.ions of the polymer and resu.t.ng <K NMR soectra of ,h ff ca.cu.atec pseudo-.andom 
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is 



20 



25 



30 



35 
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ethylene styrene copolymers were performed using the constant that ,( stvrene monomPr wo a 

■nto the grow.ng pcymer cha,n. the next monomer Lerted must be e y en ^a sZne which , '"^ 

in an .nverted or "tail-to-taT fashion. Optimum fits between bJL^^^Z^^'^ 

:™^ct? 15 perceni of ,he s,yrene ~ - £ zzz: 

9 0 ?3 3/ L 47 m o. SPeC,ra " SUCh PSeud °- rand0m etny.ene,s.yrene copo.ymers containing t 4 7 8 
y.u. J. 3/. and 47 mole percent styrene are shown ,n (inures 8-13 In each case ihP nhJ !' 
calculated spectra are in excellent aoreement 6 pbserved and 

nJH?*° P0 ' y ™" 2 " ,ion scco,<,in 9 '» <»« P'<"e"t Process the monomers and solvents il an, ma , „. 
w<*ea by .actum ftswaion. anS . w contacM „„„ m<)tecular sie<M si|i "Vj ™' 6e 

30 C .o 200 C. Polynne.. aa iioes at lemperwes ebove the eulopolymefefce temne, a „,„ „, T, LIT 

s^sr* sw " amoums °' ho ~' °°*~ ~- ^ 

Certain of the polymers prepared according to the present invention especially connlwrw* , 
and an .-olefin other than ethylene, are characterized by un.gue ^^S^^T^^Z 
been found that the polymers (hereinafter called Elastic Polyethylene* or F.pfTI™ i« ? 
convent-onally prepared l,,ear polyethylene resins Of^iTSS^Li ^«J^a21^-T , ' 
elastic modulus particularly a, high melt ind.ces compared to such convent^na^poZers Th n 
makes the resin especially useful in the formation of fi.ms foam an ^ fabhcated SIT. P T? 
blow o. ding s , The above phenomenon js ^ s an S^-^^r^ 6 V 

where.n complex v.scos.ty. measured in poise a, 1 90 'C . is plotted as a func'o of s ear rat 
measured ,„ rad.ans per second for a typical E.PE copolymer of ethylene and ^Z Llorlot'Z 
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1.962 x 10- 
1.511 x 10 s 
1.115 x 10* 
8.292 x 10' 
6.322 x 10 £ 
4 .920 x 10* 
3 956 > 10' 1 


0.01000 
0.01585 
0,02512 
003981 
0.06310 
0.10000 
0.15850 


3.230 x 10* 
2.713 x 10< 
2.293 x 10' 
1.966 x 10* 
1.701 x 10 4 
1.464 x 10* 
1.265 x 10* 


0.2512 
0.3981 
06310 
1 .0000 
1.5850 
2.5120 
3.9810 


1.088 x 10 ; 
9.336 x 10 2 
7.964 x 10 : " 
6.752 x 10 : 
5.677 x 10 3 
4.721 x 10 3 
3.854 x iQ- 


6.310 
10.000 
15.850 
25 120 
39.810 
63.100 
100.000 



Also pioned m Figure 15 is the tan b value of the same ElPF nn,..m Pf The 
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w 



tan & 


w 


tan 6 


w 


tan 6 


w 


0.5526 

0.5231 

0.5771 

0.6597 

0.7971 

0.9243 

1 080 [ 


0.0 1000 

0.01585 

0.02512 

0.03981 

0.06310 

0.10000 

0.15850 


1.243 

1.381 

1.543 

1.615 

1.690 

1729 1 

1737 


0.2512 
0.3981 
0.6310 
1.0000 
1 .5850 
2.5120 
3.9810 


1.718 
1.677 
1.620 
1552 
1.475 
' 1-398 
1.315 


6.310 
1 n nnn 

15.850 
25.120 
39.810 
63.100 
100.000 
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funcnon of melt index. The resins utilized JLuL LI ^ J eth V e ™. ' -octene EIPE resins is plotted as a 



?0 



25 



30 



Melt 
Index 


Elastic 
Modulus 


Melt 
Index 


Elastic 
Modulus 


Melt 
Index 


Elastic 
Modulus 


0.10 
0.15 
0.18 
0.22 
0.45 
1.72 
2.46 


98760 
35220 
35920 
14270 
11140 
3003 
10620 


3.34 
5.34 
6.38 
10.12 
10.66 
16.28 
16.32 


4381 
5858 
10480 
5276 
6222 
2697 
6612 


18.42 

31.2 

31.53 

31.69 

41.02 


9669 
4516 
5012 
3238 
2972 



" fiSSli"- - » * —V -Pared polyethylene resin are ^ ^ ^ 

•han ,25. most preferably .ess than 50 and an elastic modu I « ? E> " ' eSS ' h3n 20a 'ess 
greater ,han 2000 dyne-W. All of ,he Tego^ToZZ'T" 1000 d ^ e -ore preferably 

«jSSt sss rsr— ^ — as ^ h USP 

molecule and substant.al.y , he same ^^^'^""^ a given 

elevated po.ymenzat.on temperature* esleci^TZ 2 mo,ecu,e s Polymers produced at 

neous me,, curve. The po, mors o7 ^^.7^ ^ ,M ' C " ^ y ^ » »^ 

PO'ymers have better op ,,ca, proper,^ esZTlZ 1 I " V hiQh dar,ty ,n P^icular L 

especially .e,, 5u , led for fjIm J ^ = V .J^^ typica( ethylene ^ ^ ^ 

-V^^ — monomer. esp ec,a„y 

are un, que)y Suj(ed , 0r use jn ap^^^^ 6 ^^. Thus, such polymers 
therm 0D(3S1ic and t h ermose(ling S^S^^? 5 '* ^« such as .mpact modific Jon o 

The polymers of the ,nven^„ m a y ^ b ', ^ e ' aS '° mef,C e,c < 

W,,ona,,z,ng. 0r 01her , eac „ ons ^ ^ * yp ic a. graf.ng. cross„n k ing. hydrogenat.on. 

PO-yme.s compns-nc v, :1y „dene arorn 3, (C , '.^0^; o , ' With P3rl,CU,ar <° •»» 

^ read,. y su.fona.ed or chlorinated to provi* ■T""" ^ * he Same ^ 
n^ques. Additional,,. ,he vin y icyclol,e*ene baVJ n denvat.ves according , 0 established ,ech 

-sa S0 ,atc-c rino fun C! iona.„v " *' e "osslin^te bv reaction 0 f (he 
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7 he polymers of the present invention, whether or not further modified mav be blPnrW* ^ 

own »W»m« s . polypropylo™. poiyay,^, s ,y,e„e a orylooii„,e copolymers (inclLi™ ~ IT" 

oeo,a»vos ,oe,eof). kyndioucft pol yS ty,ono. polyoafcontf.. poly^iS^rZafc cStS ^ ? " 
poyoMMhaoo. polyacyfcn e . * one . and poiypneoy^Lloa *i y :rf LTbTi^rr' 

ssrcs'* Tte ~ mo1 ' is ~ * ~- 0.;: 

In addition to modification of synthetic thermoplastics the present polymers are also * , „ 

,w ascha " * 6 " u ™- ^^^z^zz^t 

The term "bitumen" can generally be defined as mixtures of hydrocarbons of nacrai n, « 
Cngm or comb.nat.ons of both, frequency accompany by their non-« delv es l^mlT 
gaseous, liquid, semi-solid or so.id. and which are usual.y so.ub.e in carbon S^ST Z ih« T ' ! 
.he present ,nven„on. bitumen of a liquid, semi-sotid or solid nature f1 •* 

standpoint, bitumen is generally restricted to asphalts and tars and pitches A Hs n^of vL " C ™ merc ' a ' 
materials which can be utili.ed in the present invention .nc.ude the t^g ' b " Umm ° US 

I. Asphalts 

1 Petroleum Asphalts 

A. Straight-reduced asphalts 

1 . Atmospheric or reduced-pressure reduction 

2. Solvent precipitated, as with propane 

B. Thermal asphalts, as residues from cracking operations on petroleum stocks 



C. Air-blown asphalts 

1. Straight-blown 
*o 2. "Catalytic-blown 

2. Native Asphalts 



4 s A. With mineral content below 5 percent 

1. Asphaltites such as gilsonite. graphamite. and glance pitch 

2. Bermude2 and other natural deposits 

50 B. With mineral content over 5 percent 

{: j 1. Rock asphalts 

4>L y 2 Tnnidad and other natural deposits 

- 5 11 Tais and Derivatives 

1 Rc-sicua from coke-oven-dried cpaMars 
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Polymerization 



2 "o u ,s ne solute, was cooleo to 30 V ™ ? '"«Ksed ,o ,240-,275 k Pa (l80 . )85 ™ »' 

°- polymerization procedure of p rt( „ mA , " 

< 5 '-ene .as used .nstead ^ "»* - » m L of 

<o<oene. The catalyst solut.on was adde Mo Z w ^ concenl ^°n was 0 01012 M in 

Pressure w as increased ,o ,240-127 kP f ^ '■ he,,en * MA0 « h ^ne m,*, ure and ,he eLle 
«e*Pe.a,u.e of the reaction dim J V^WTSrT ^ ^ SOlut - *« me 

Hea„nQ ana e.hy, e ne feed were djsc l L w fT "" nU ' eS ,he So,u " on n ^ cooled to TonV 

' PCyroer od.a.ned a.er dr y ,n 9 Z^^ZZ ZTc "* £ of 

01 the polymer showed ii m h Q Pressure ot 100 C overnight was 36 8 n »2p mmo 

10 be * -do. copo.ymer 0 , ethylene w,, 9 .^^^^ 

109 C oue .o (he exothermic polymerization reaction 6 !em P er2 '^ increased Jo 

Z?7 g re2C,0r - The o, pojeth^ e ob^Ta e : T ^ "~ ' ^' b V coo.-ng 

100 1 Pverr.,ght was i.. 0 g V ooia.ned after crying under reduced pressure at 
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w 



D. 150 ml of toluene was adrtew ,h 



ride 
^reparation 



50 



«W a SSJ o! 800 o ( M c mm °" 0iTO,h VW*«o, 0! *», 8 in 150 mL THF „„,.„ , „„• 

pressure to oivp fhe „ 7 ^ XIrac 'ed with pentane and filtered The "^"^nt. The solvnel was 

To a solution of 3 000 o ni oa ™ n , 

1 cyciopenjadienyosuane titanium o.chlonde 

'•*"•«* very da* soluI1 on TheTe s !dl """^ The «**nt w" s re 'o ^ S °' u " on 

caused the senara.,™ n , C 35 e * lr acled with pentane anrl , „ amoved from (he 



Preparation 2 
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Hasl\ltT X ' 4 0 mL °' 2 0 M ,S °P r °Py ,ma 9 n ^— chloride in cfte.hy, e.her was syringed into a ,00 mL 

z ni: h THF er n^;r:r d ^r c " rr ,o h ,ea ™ iess * 20 mL * • 4:1 

» began t0 form. After ref.uxing for a ,o,a. of 27 hours, .he solution was coo ad JSS^^ZS^ 

:z~o ;r s pressure -- The wh,ie so,,d res,due ™ 5 — * w™™mZ7*::: 

wnne powder (l .23 g. 62 percent yield) of Me < CsSiMe ! N-t-BuMg J Clj<THF) 2 ■ 

,o n T, resulting in a color change from pale blue to deep purple After IS minui^ 

After t ° 2 ho ' Th? '° "* S0 ' Uti ° n - The C °'° r ^™ <° '^.o pale gee^' 

After 1 1,2 hours, the THF was removed under reduced pressure to leave a ye.low-green solid tTJ^W 
mL, was added, the solution was filtered, and the (oluene was removed under pre s!r t i 11 TZt 
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Preparation 3 

TiCU, 0.72 g (3.80 mmol) was added to 35 mL of frozen THF M96'C. in a fl^k Th* 
warmed to -7ft r a M t *• « |,3D °' ina ,,ask - The mixture was 

■ T .empe,a, u ,e and *,ed o,„n, gw . The so-en, was JJ^,^ " 
e«.acled win, penume and filtered. The product (G.M 8 .(He-SiN-|.&,lTm I _T L! ! WaS 
£*«*»•••- c, ys «„e TOKria , ate be , n P 9 n JL^ Z Z£ : St To" c ^l?" 
tion was confirmed by and 'H NMR. C ,dent,,,ca - 

Preparation 4 



30 



35 



'n the drybox. TiCl 3 (THF) 3 (2.0 g. 5.40 mmol) was suspended in 40 ml of Thp iy.-.k- 
bu«y.amido)dimeth y .(,etrame t hy(cyc.o P entadien y «,si.ane (1.42 g. 5^9 mmol , ZlL JE'^T ' 

***** darkeningo( the color eventuaiiy to a deep < (ue a er ,^2:^2^7^ ,n 58 a 6 n 

rnmo,, was added. The color immediately began to lighten to a red.'orange. After ,7 X* 0 s^i™ f 

leZz::™:*- r er reduced pressure - ° ie,hy ' e,her <5 ° mL > ™ ^ » 

tie volatile materials were removed under reduced pressure. This yielded 1 91 n m «*, ™~TT« 



40 



Polymerization 



45 



Polymerization of a styrene/ethylene mixture was accomplished by combinino 1 6S ml m a in « 

sr 25 o t 5 ro n o,rM a so r 01 ? mL 01 a ~ » * ^ * 

«u ul of a 0.010 M solution of (lert-butylamido)dimethvl(tetrampthvi -5 . ^ . 

siianenianium dichloride was addPri m n mi rt i m A meinyiuetrametnyl-,* -cyclopentadienyl)- 

uivniuriuv was aooea to d.t> mL of toluene in a second shm ixnu R^ih « * . 

ss.Tr ,,om ,Be 9iove tm - m mm k * m * ~ 

pressure vessel was evacwied and purged vwh argon. 

kPa^on "»'* e «*** M *0 solhlron was added ,o .he pressure .ease, and warmed .0 69'C ande, 620 

ZZZVnZT^?/' ? 'r Ca,a ' V! ' S0 ' UM " " M added and J ^ Z 
■he ,em4 a ,o,e ,o OS' r th ^ ' 24 °.' ,275KK " 8 »-'S5 «*»• An e,d,he™ raised 
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sample 3 (Olefin Polymerieanon) 
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40 



^5 



0 



Ethylene was polvmeiWH k, ^ ,_■ . 
a/kane solvent and O s ^ . C ° mb,nm9 5 mL °' a 1 M solution of triethvl alnm.n 

2 1 ol m.xed alkane solvent (| sopar ™ E , available from Exxon ChlJ S Pr6SSUfe vesse ' containing 

etnyiene at 150 C. The ream™ tam Chemicals. Inc.) under 3i00kPa /^n 

pressure was held constat h temPera ' Ufe was ™<™™« at 150'C for i 0 minutes S ^ ^ 
- Polymer ^^Si^ ^ — ,he uptake of ethyll ^ 5 7 ? tZ 
**■ under reduced P-sure a^ ^er^i~C ^ ™ * 

^ ^^j^Copo^ 

W« tone the catalyst solution was added An exo ,1 Z * (9 ° PSig) e,n * ,en ° ™<h stirring At 

35 9 ol m„ e „al. «c NMR a „ al> , sis indiciIel) " 5S " ,e " "° C «** «*■** 

fggPjf 6 (^Olefin Homop ^eri^tion , 

caialys, of Exampte A. The via. was sealed shaken ! T S ° U, ' 0n °' ,he Z " c ™™ c °™P<e* 
20 C, for 16 hours, then heated to ^cZ'^Zlon^ T^ '°th " ^ ,empe — e <«■ 
P>eap,,a,ed by the add„ion of methanol The esull on. * V ' SC ° US P °' ymer soluti °n -as 

nents removed under reduced pressure 'li^S aM^cT ^"Tf ^ ^ V ° ,a, " e C — 
Percent yield , , c NMR analysis ^ '00 C , 0 g.ve 3 8 g of a clear po.ymer (95 

The Procedure of Polymeri 2 a„ on A was esslS f W3S c,ac, ' c P° 'v 4 ™ethyl-i- pe n.ene. 
so,, l0 n and ,00 uL o, the catalys, t^ZTZ^L^ 9 " '■ heXe ° e - ' ° ^ °' MA0 
*Y**. The vial was sealed and heated a, SO'Covl^ uJ '"^'^ an argon-Mted 

«-y,no there was ob.a.ned 3 0 g of po.yU-hexenef 9 QUenCh ' n9 w,,h ac '*'"<* «hano« and 



7 (Ethylene Homopoiymerization) 



■ -econd SS shp. tank. 5.0 mL of a 1.0 M so-u.ion C MAO in :c coT w T s Z ^ UUed 
. - " * es od ded to 92 mL ol 
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w 



toluene. Both shot tanks were sealed, removed from the gtove boV and attached to a 600 m , 

me atmospnere. ano a.ioweo ,o cooi. The pressure vessei was opened ^2^^^^ '° 
po.yr.er was .so.ated. After removing the vo.atile components, the yield oi™^ ^ ' "° " 



Example ? Hindered Vinyl Al.phatic Monomer Polymerization 



45 



4-vinylcyclohexene was purified by vacuum distillation Irorn Na-K alloy The orocedur* rt i F , , „ 
was substantially repeated using. 50 mL of 4-v.nylcyclohexene with 50 m. P6 
methylene <MAO> cocatalyst in ,o,ene in oll^ZZc T 0 ^ 0 7a 0010 M* solution of fieri' 

fee. was 



Exam P'g ? (Ethylene--Styrene Copolymerization) 



was 90 e -C b Th e /° ly r riZatiOn Pr<XedUre WaS substantia,, y Stowed except that the reaction temperature 

pelnt S^STo^rr, 0 ' m ' Xed a ' kane S0,V6nt - ^ ° f Styfene " 
r »« igiuene <iuuu Al.h). The reactor was saturated with 1240 kP* nan ^o.^v ~* , 

0 p« e5 01 KftM^SiM^N-phen^iCI, „a S added o ^ST 



Example 10 Elhylene-'Styrene Copolymen'zation 



«o prov,oe an Al:lv1 atomic ratio of 1000:1. Reaction conditions are conta.ned m Ta bte I " ^ 
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Table l 



15 



20 



Run 

— — 


mg 
(complex) 


T 
(*~C) 






I 1 


0.92 


90 


2 


2.50 


90 


3 


2.20 


90 


4 


2.20 


90 


5 


3.70 


90 


6 


3.70 


90 


7 


3.70 


90 


8 


3.70 


90 


9 


1.90 


90 


10 


1.90 


90 


11 


2.20 


90 


12 a 


2,30 


90 



Solvent, 



Ethylene 
Pressure kPa 
(psig) 



1240 (180) 
1240 (160) 
1240 (180) 
1240 (180) 
1515 (220) 
1515 (220) 
1515 (220) 
1515 (220) 
1515 (220) 
1515 (220) 
1240 (180) 
1240 (180) 



Styrene 



a. catalyst was (phenylamido)dimethyl(tetramethyl^5 
t>- T = toluene, I ^ rrwxed alkanes 



(mL) 



50 
138 

80 

36 
350 
175 
100 * 
260 ' 

50 
50 
60 
60 



Time 



(n) 



1.0 

2.0 

2.0 

2.0 

1.0 

0.75 

0.33 

0.33 

0.5 

0.5 

2.0 

2,0 



Yield 
(9) 



9 
29 
27 
30 
57 
70 
46 
43 
12 
40 
30 
11 



mol % 
Styrene 



. 15.2 
.18.4 
,11.7 

8.1 
v 10.3 

6.8 

4.8 
,9.0 
'2.5 

2.8 
13.3 
37.0 



Mw 



147,000 
65.100 
70.100 
72.300 
121,000 
304,000 
180,000 
172,000 
113,000 
154,000 
78,600 



Mw/Mn 



-cyclopentadienyOsilanetitanium dichloride 



^.3 

2.7 

2.6 

2.5 

2.8 

2.6 

2.6 

2.5 

3.2 

2.6 

3.1 
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Exam ples 11-32 

in toluene. Hydrogen if des.red was ^ 1 ! . coc ^^ <** a 10 percent solution of MAO 

above ,he opL.ino pressuTo^thT'eac^ Z TT™ T * "° mL ^ * a pressure 
to the reaction J£«^^£S^ 3^ k ZlT ? *" ^ ^ 

sa.ua.ed. The hydrogen (if anvTwas IxZlL ,„ ' PS ' 9 > e%,ene Until ,he so,ution «** 
solution. After 10 m?nu"e .he S0 7u,fo ! , ^ of «*» ™*V« • 

amoun, of an„oxidan1 ^ J^Xt cZ Z 7£ ^ ' ™ * S ™" 

Resu.ts.are con.ained in Table II Cba-Ge.gy). The polymer was dried under vacuum. 
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Examples 33-42 

The procedure of Examples 11-32 was substant.ally repeated, except that the catalyst was den 
TMe mi d0}dime,h y |(,e,rame,h y'-^ ^yclopenladienyOsilanezircoRiun, dichloride. Results are contained * 



JO 



Table ill 



?5 



20 



2S 



Example 


Temp 


ml 
Octene 


AH 2 kPa 
"(psigT 


Zr (mmoie) 


Al:2r a 


Zr efl x 
10"^" 






33 


150 


300 


345 (50) 


0.02 


500 


50 


34 


140 


300 


345 (50) 


0.01 


500 


122 


35 


130 


300 


345 (50) 


0.005 


500 


285 


36 


130 


450 


345 (50) 


0,005 


500 


302 


37 


130 


150 


345 (50) 


0.005 


500 


230 


38 


130 


150 


345 (50) 


0.01 


250 


158 


39 


130 


150 


345 (50) 


0.02 


100 


104 


40 


130 


300 


345 (50) 


0.01 


100 


154 


41 


140 


450 


0 


0.015 


200 


84 


42 


140 


450 


690 (100) 


0.02 


200 


101 



b. catalyst efficiency, g polymer. 1 g metal 



30 

Examples 43 - 57 

The P^cedure of Examples 11-32 was substantially followed except that a 2000 ml reactor was used 

oi l 0 0ns M W3 f (lert : bUty,am ' d0)d,m ^ Chloride (2 mL^ 

o a 0.005 M solution m toluene. 10 umoles). The cocatalyst was 15 percent MAO in toluene (2 mL 500 
Al.Ti). Results are contained in Table IV. 



45 



bO 



bb 
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Table IV 





Example h 


Temp. 


A H 2 kPa* 


1-Octene 


9 Polymer 


Melt 


Density 


5 




C 


(psig) 


mole 




Index 6 


W 
15 

20 


43 

44 
45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 


100 
80 
90 
100 
100 
80 
90 
90 
90 
100 
90 
80 
80 
90 
90 


170 (25) 

170 /?5) 
170(25) 
170 (25) 
345 <50) 
170 (25) 
0 

345 (50) 
170 (25) 
0 

170 (25) 
345 (50) 
0 
0 

345 (50) 


1.59 

1 59 

1.85 

2,12 

1.85 

2.12 

1.59 

2.12 

1,85 

1,85 

1.85 | 

1.85 

1.85 

2.12 

1.59 


70.0 
67.0 
98.2 
118.3 
131.9 
139.3 
104.4 
.333.1 
130.2 

no.o 

141.0 
161.2 
118.1 
150.8 
136.7 


<.l 
<i 

0.96 
7.48 
0.93 
0.25 

0.66 

5.44 
0.48 
3.12 
3.43 


0.8700 

0.8672 

0.8582 

0.8575 

0.8552 

0.8528 

0.8594 

0.8556 

0.8550 

0.8570 

0.8545 

0.8525 

0.8536 

0.8516 

08578 



a. hydrogen partial pressure ' 

b. I ? . ASTM D-1238 Procedure A. condition E. 



25 



30 



35 



Examples 58-77 Olefin polymerization 



ttrjx :rsws$ rrssr: -rs srS z " 

coo, aiwo , ° Ta We V 8SSel """" ,M " Ce<1 P ' eSSUre " 90 C °~«*0. R«u«s are 



40 



50 



55 



EP 0 416 815 A2 

Table V 



w 



15 



20 



25 



30 



Example 



58 
59 
60 
61 
62 
63 
64 
65* 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 e 
76 
77 



Catalyst 



a,b 



Ti 

Ti 

Ti 

Zr 

Zr 

Zr 

Zr 

Zr 

Zr 

Ti 

Zr 

Zr 

Zr 

Ti 

Ti 

Ti 

Ti 

Ti 

Ti 

Zr 



Solvent Octene c 



1-1 

2,0.3 

1.1 

VI 

2/0.15 

2/0 

0.2 

2.0 
2,0 
2.0 
2 0 
2 0.3 
02 
1.1 
2,0.3 
2.0.3 
20 

2 0.15 
2.0.15 
02 



WL Of 
polymeT(g) 



61.1 
48.7 
41.5 
55.2 
33.3 
25.8 
102.9 
17.8 
25.3 
15.6 
20.6 
44.0 
96.6 
47.5 
74.5 
75.0 
15.6 
19.9 
34.5 
88.3 



Melt 
Index 7b) 



79.0 
1.7 
137.6 
1324,9 
10.3 
8.8 
168.1 
, 147 J 
240.8 
4.4 
2,8 
17.1 
149.2 
25.8 
56.3 
56.9 



1.0 
111.7 



Mw 



45.600 
88.300 



Mn 



9100 
10100 



Mw/ton 



5.01 
8.74 



36,300 


UUSJ I 




58.400 


5310 


10.90 


30.900 


8150 


3.79 


101.000 


7700 


13.10 


47.300 


6550 


7.22 


43.500 


4710 


5.87 


54,000 


10800 


5.00 


44.400 


12100 


3.67 


44.700 


9800 


4.56 


35.100 


6440 


5.45 



- • — * w*..,. v ^y^^^"i<auitrTiyi;3nanemantfum dichloridc 

h u f A ? U,y,am,do)dimeth y , ^ t ^^^yH 5 -cyclopentadienyl)silane 2 ircon I um dichlor ide 

b) Metal AI ratio = 1.1000 assuming 58 MW for MAO 

c) liters of each 

d) Run at 175* C 

e) Used triethylatuminum as cocatalyst; metal. Al was 1:1 000 



35 



40 



-*5 



.uSTdic^S^ - SUPPOf1ed { ^^^^ 



Example 

silanetitaniurrT dichloride 

a.kane^ f, de " ydr ° Xy,a,ed Silica <-° H concentration = 1 mmol/g SiO,) was s.urr.ed in 20 mL of mixed C t 
aikane solvent under a n.trogen atmosphere in a dri-box. with st.rhng ,n a 50 mL Erlenmeyer f aTk T«S 

h.s slurry , 0 mL was removed by syringe and combined with 1.10 mL of a 0 01 I M lo.uena Z , . 

•^-bu.y.amido.dimethyKtetramethy.-^-cyc.opentadienyOsilanet.tanium dicho 1 n T 5 Trough f 
>omed (.ask and st.rred for ,2 h. After this period 6.7 mL of a 10 percent ( ww>sn7r ( 
alummoxane (MAO) in toluene was added to the Silica containing sokition (W w > soluI - °< «»*« 



Polymerisation 

5° The poiymeraauon was conducted by add.ng under pressure the above titanium, silica MAO slurry in a 
J L SS pressure vessel containing 2 L of mixed alkane solvent under 3100 kPa (450 psig, 0 f ethylene a^ 
150 C for , 0 rn.nu.es. The e.hy.ene pressure was hetd constant and a mass flow me.e me^ e the 
uptake e. ethylene to be 26.7 g. The po.ymer solution was then removed from ,he pressure vesse.Tnd me 
PO.ye.ny.ene , S£ recovered after d-y.ng under reduced pressure a, 90* C overn.oh, Yie Hs 30 0 g 



Example 



Ctchio: 



~J~ ^l^SH ° 1 ^-Me.hoxyphenylam.dold.me.hyKie.rame.nvl-^-cyclooen.adienyDsilanetr 



tanium 
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(a) KTetramethyicyclopemaa.enyDdimethyisiiyi, (2-melhoxyphenyl> amin e 

T °J 3 I f 9 ft1m0 ' ) ((,etrame,h y |c yclopen(adienyl)dimethyl S ii y i,chlonde in SO ml h , 

was added 0.86 g (S.cTmmol) sod.um 2-me.hoxyanilide. The mix, fJ^i L 0 v 6 m ohT T, T ^ 
removed under reduced pressure and ,he residue ex.rac.ed Z pen.^ ThI o7n nl WaS 
^ered. combined, and concen.ra.ed to g,ve a pa.e yei.ow ,i pu id Ye. H ! 7 J , « 1 ^ Were 
6.9 (n, 2.2, 6.74 ( m. ,,, 6 . 57 (d . i . i , j = 9 , 425 (s . , ^ , " ' <*™**> • 



9). 4.25 (s. 1,. 3.32 (s. 3.7). v93 (,.6.7). ,.80 (s 6.8) 0 13 ! s 

(b) Dil i ,h 1 um( (t e.ram et h y icyclo P en,ad 1 enyl,dime.hylsil ylH 2-m e thoxyphenyl)amide. 

was ^d S h — 

Pen,ne .as added ,o *. m.x.ure. T he ~ SereTan'd the ses ZZ 'j^ZF" ^ 

(c) ( 2-Me.hoxy P h e ny,am 1 do)dime.hy, ( ,e«rame,hy.-^-cyclopen l ad,eny,,sHane,i,an,umdich.or 

20 : o.uen 0 e ^LZkJ^ s.urried ,n 

removed under reduced P Ls^' T,e ,eZ7 ™ T** " °*" "'^ and the **~* was 

0,7 g (41V ,„ ts^^ 0 T^ dark — 

25 

x> (a) « Te l'ameth,k:yctope«adieay0dime(hylsilylH4.|to,()ptiet.yl)atr,ine 



50 



(b) D,.,,hium ((tetram e thylc y clop e n,adien y l)dime.h yl silyl)H-fluorophen yl )amide 
(O '"-F'uor 0 phen y .amido,d 1 me.h y ,(,e«rame l h y l-^-c y clopen.ad 1 en y . ) s ll ane manium dichloride 
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15 



. ,L 01 '"Octene and 5 mL of 15 percent MAO in toiupn^ nPAn a. t;\ ™^ 

°''" h ' um (ltel,a ™ lhvlc ' cto Pe"'»«OTy'Mimelhylsilyl)(2.6-di(l- m elhvlelh»li D r«,n»ll a m,rt» 
a manner analogous lo Example 80 ' emymnyupnenyllamide was prepared .n 

~^ n =y^ * -J*. , 

AoCI was added. Afler 1.5 h ihe solreel waa removed under redueeV pressure The , el 9 ' 

Polymerization 

as -l^^S^ST" " ^ '°"°" ed "* 9 '° ™ C ' Om0teS °' "» "~ <™> te " 
|geJ2 P^epereton o, (^Me^ga*^ ^ 

Polymeriza tion 

|pie 83 Pcepa^on of <<£t™^^ 

(a) (Tetram e thylcyciopenladienyl ) d l methyl( i -methylelhoxy)silane 

(b) Potassium (dimethyl(i.m e ihyi e (hoxy)s«lyl)t e tfameih y |,cyclopentaclienici e ) 



30 
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25 



30 



(CMTe.rame.hyH^yclop^adieny.^ 

0.2 9 (1.3 mmo „ A 9 C. was adVd. The ^ZZ^Zr^VZX^T ~ 
under reduced pressure and the residue extracted with nf„fl tk S ° 601 W3S removed 

combined, and evaporated to a red ^VhlreT^lt T T ^ Pen,3ne ex,rac,s wer * 'in- 
filtrate was stored art -30*c for 3 wel which r^T. ? Pen,a " e 8nd <he mi * ,Ure was fi,,fere ^ " rne 
was decanted from the sofid X fZ ^J^T^ "? f T** "SS °' " ^ The S °' Uti ° n 

». 7.1. J = 6.0,. 0.45<s. 6.7, .00(s, 1 9%, 735 Is, " ' U = ^ 2 35 * 6 - 9 >' ^ < S " 7 ^ 

SLgmS^ 2 ^^^^ 

(a, 1 -Chloro-2-(tetramethylcyclopentadieny I,- , . i .2,2-letramethyldisilane 

*4° a^d^uToi f^T^TT l****™**^ » » - ^ethylether was 
dimethylether ^^^11^ ™ ' T 1 ^ ^^'^^^^'^clopentadienide ,n 30 mL 
was exacted w th pentane Td Jed Z ^ "'T ^ ™ 

product as a light-yeL oil. Mass £ m/e 2t? ^ £S ^"f^ ^ * ^ <he 

6H,. 0.28 (, 6H, 0.23 (s. 6H,; «C NMR (C 6 D 6 . ,34^ 54 ?5i ^ * * ^ < 5 ' 



^ ( b ) 1 -( T ^-buty.amino)-2-(tetrame.hyl C yclopen,adienyl,-i.i.2.2-te.ramethy.disi.ane 

-red tor several ^^JZ^:^^: '°T ^ *»V - 

The sofven, was removed, the residue ■ was ex racted wZ I !l ^ feaCti ° n ,0 ^P^ion. 

* the pentane was removed under redu J pw^o^l^ h , am,ne hydr0Ch ' 0r ' de was ««ered and 
(92.5,,,. MaS s spec: m e 309. 'M M < C ^ T n 95 r s 6m i 5"°"™ ^ ^ ^ 3 ' 15 ° 
1H». 0.24 (S . 6H>. 0,6 ,s. 6H, : «c NMR (C 6 d' , i ^35.2 1 34.4. 55 2 50\3^. 34.^ 1 4.9 1^.6 .^3, S - \A^. ^ 

« (C > Dililh - m W<er,-bu,y^^^^ 

A slurry ol 0.7500 g (2.333 mmol)d 



tenamethvidisilane anc 0 



(2333 mmoDdilithium 1-(ten-butylamido)-2-{tetramethylcyclopentadienvl)-l i 2 2 
7790 g ,2.333 mmol, TiCUTHFfc in 50 mL was L' d £ sevelaV^ 
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25 



30 



The red-orange reaction mixture was filtered and the solvent was removed to give a st.cky red solid rw 
was extracted with pen.ane and filtered. After concentration and cool.ng a, -35 'C in 1 freezer The J 
m.crocrysta. ne red product was col.ected on a fri, and washed w„h cold pentane to remo e , dar re ' 7 

(s. 6H). - C NMR(C t 0 6 ) 6 137.7. 135 5. 112.7. 65.9. 35.4. 16 6. 12.5. 2.8. -2.1 
Polymeri zation 

' Th/n h ? P0lymeriZati0n ^edure of Example 80 was followed using ,0 m,cromoles of the above comolex 
The polymer y,e.d was 12.1 g. Mw = 62.400. Mw.Mn = 8.45. melt index = 6 ,4. density = 0 9441 P 

A slurry of 0.7500 g (2.333 mmol) dilithium 1-<tertbu,ylamido)-2-(tetrame.hyl C yclopentadienvl)-1 , P ? 
e.rame ( hyUd ( si-ane (prepared acceding to the technio.ua of Example 84, and 0.^36 g Sfrnmo Z^ 
-n 75 mL toluene was stirred for several days. The pale yellow reaction mixture was filte ed and the soTv^, 

l C ; n a ' e ^ the P roducl as cotortess crystals was collected on a In,. Yield: 0.6720 g 61 3% 'H 

HH 86 Preparation of g»H>u^^ 

A solution of 0.5000 g (,.215 mmol) <<ert-butylamido,<dimethyl)<tetramethylc yC looentadienvh 
..ane^rcon.um dichloride in 35 mL ether was cooled to -40'C. To this was lowly ISZTTTZZ 

eZ t::\ { l 72 j- t 43 mmo,) - The reac,ion mix,ure was a,,owed ,o * - ™ 

several hours. The solvent was removed and the residue was extracted with pentane and (Led The 
nitrate was concentrated and chil.ed to -40*C. The colorless crystals which formed were oated Jv 
decantmg away the supernatant. Yield: 0.2215 g. 492 percent 'H NMR < Ci D<) S , 97 (s 6H) , ~ 
1-40 (s. 9H). 0.46 (s. 6H,. 0.00 (s. 6H,. -K NMR <C<D 6 , , ,302. 125.3. 95 7 5 7, 35 4 34 0 3 9 09 6 2 * 



Ex^ple 8_7 Preparation of Preparation of Oer^butyjan^^ 



m di- 



40 



(a) (Chloro)(cyclopentadienylKdimethyl)silane 



45 



SO 



A solut.cn of ,49 g (1.16 mol) Me,SiC. ? in 750 mL diethyl ether was cooled to -78* C Solid sod,um 
cydopentadienide (30 g. 0.34, m0 „ was added via a powder add„,on funne. over a period of 1 5 ou The 

a " OWed '° Warm '° r00m ™ s„rred lor ,6 hours The ether I d 

some Me,S,C, ? were dis.il.ed out. then exhaustive vacuum distillation removed .he remaining ther 
fcte»&Cl, and the product from the Nad formed in the reaction. The product after Iraclfonal tas 
obtained m good yield as a light-yellow oil. Mass spec: rrve ,58 (16%) actuation was 



(b) (Tert-buiyiaminoKcyclopentadienylKdirnelhyl)silane 



To a solution ol 3.69 g (50.4 mmol, tert-bulyl amme in 45 ml. THF was added 2 00 n n?P mm «i, 
(cn.o.o, ( cyc i cpen l ad,eny„ ( dime,hy„si.ane. Precipitate formed gu,cM, The .J^L I'J ™ 
days, then me am,ne hydrochloride was filtered off and the solven, was removeo under reduced pressure ,o 
9-e the produc, as a very p S , e yellowish oi.. The yield was 2 069 o ,84.2%,. Mass *» ec mJ <u" h 
ana -c nmr sh0w lhe presence 0< severa , cyclopentadiene i*om e ."< ' 
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(C,0 ' , ' lh '-<'eM-bu ty .a m , d oKc y c l op e n ladiertylMdjmeihyl)si(ane 



w 



?5 



20 



To a solution of 1 500 o (7 fiq n 
was slowly added 6. 21 rnL of a ', 72 M° Q ^^" C * , «*^V*«^^ in 60 ml e ,h P 
(4 706 rnmo.) butylli.hium in mixec laitlil ? ° ° ^ S ° ,U "° n of ™%'«l«um. then , 81 mL n M<? 
stirred overn.ght. then filtered and washed <15 39 m "°' ' 0,al •«*■«»*«»'■ ^e resuU no s,o ' 

M ' I ^'^-0<. l « m e 1 h vl „ ! .c v c,„ cenlaai „ nyllsllane „, an|um . 
0.7000 g (3.38 mmol) D.lithium (l p rt h, , ■ 



Polymerization 



1 uens,l V ~ 0.9073. melt index = 2,92. 

eJ: ^s^^z^!^r::r {y r ed 4 mL die ^ ^ < mL THF The 

was combined with 0 .6008 g ( 290 diK f ^ ^ bf0k --P ^ a powder ^d 

(Prepared according W (he te ch ni q u of ^al.e 8 £ ^^^ Kc ^^WXcin«th^ 
-era. da ys after which the co-o'ess so Z w re "S^T ^ feSU " m9 *** 
s and the res.due was slurried ,n pentane The T onder educed pressure 

Pressor. Vieio was 0.6186 g (60.0% "h n^R To eZ" ? " 

9H). 1.03 (br s . 6H). 0.22 (s. 6H). * C NMR (c V „ n 3 'l 2H >' 603 «• 2H>, 4.J7 (br s. 6H). ,.27 (s 
— - shown by x-ray cr ys ,a„ ography f^^^™*** - T ie 

(a)(An l ,ido»(d 1 me«h y ,( 1 e,rame I h y ,c y c.open,ad,en y i ) s,lane 

THF T w a : sTowlradded o" 9 n g ^^ul^ 50 m L 

-complete. Additional ,ith,um ^oT^T nZ^!^^ * G ° ,h * '«**^was 

overn,g h( . The solvent was rented he residue wTp 'w^ 5 ^ re3C "° n m ' x,u ^ was s , (rred 



<b) DMUhmm (annidoKdimeihyhde,, 



amethylcyclopentadienyhsilane 
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eiher was slowly added 5.31 mL of 2.60 M (13.8 mmoi) butyllithium in hexane solvent A small « 
preap,ta,e formed, but ,hen disso.ved. The reaction m.xture was stirred 0^^ ^ 
have collected as a thick viscous oil in the ether so.ut.on The so.vent was removed under red, *° 
The resulting white so.id was slurried in pentane. collected on a Z. ^S^ T* 
reduced pressure to g,ve the product as a white powder. The yield was 943 g 99^ » 



(c)(Anil l do)(dimethyl}(t e ;r 3 methyl-,^ C yclopentadienyl)silanetitan 



ium dichloride 



yeilo.-tage powder. Vie M : 0.6400 „. 55.8% H NMR (ClN ' » 7 MM7«1 C^"*" M 4 
Polymerization 1 

The polymerization procedure of Example 80 was followed using to micromoles of the ah™, . . 
The po.yr.er yield was ,2.8 g, Mw = ,03.000. MwMn . 4.77. densny . ^S^^SsT^ 

55 Polymerizajion 2 Ethylene.Styrene Copolymenzat.on 

The above polymerization procedure was substantially followed except that 900 ml nf m, ■„ 
solvent. 184 mL of stvrene 34S kPa /*n r>c.i h^h* t, ^ * 81 9UU mL of m '*ed alkane 

hntuhiTin L tu <5 ° PS 0 delta n y dr °9 en - an « 20 micromoles of f(C 5 Me. >S.Me,<tert 

butyl)JT,Cl 2 were used. The temperature of the reactor was 120 - C After 10 minuL .hi . f . 
- removed irom the reactor, and 62.3 g o< polymer was recovered. TUe'Z^Zs^S * ™ 

35 To 0.6905 g (2,963 mmol) ZrCL in a flask was slowly added 3 mL diethyl ether then 4 mL TNF Tho % 
excess solvents were removed under vacuum to yield a solid which was broken! o a oowder TH rn 
was combined with 0.8044 g (2.963 mmol) dilithium (anilido)(d,me«hy.)(,et rail l > ^" J** SoM 
s-ane and 70 mL toluene. Within minutes the slurry color became ^X^^^T^^ 
'or severa. days after wh,ch time the solution was filtered, the solvent removed under Id h 
the residue was slurried in pentane. The very pale yellowish product wa "cT^h ^ Pr6SSUre 3nd 
reduced pressure. ! H NMR (C 6 D 4 , a 7.2, { ,Yh, y\ (t. 1H 6.97 m T' 
3H). , .85 (s. 3H). 0.53 (s. 3H). 0.40 (s. 3H). " * ' 2 46 (S ' 3H) - 1 87 (s - 

-s |a^e 91 F I epara ll on oj (a, <£^n^^ ^ 

<P-Toluidino)(dimethyl)(tetramethylcyclopentadienyl) silane 

was siowly added 1.259 g (9 302 mmol) lithium p-ioluid.de (0.3 ethe. adducl hv "h mmoi tk„ 

lithium p-,o.u.o,d e was added in small lots (0.725 g. 14.7 mmo. total). Tn e so iven, was remold ,^ T 
* exacted w„h pe n,ane ana hhereo. The pentane was -emoveo under reouceo £Z£ ' T 
Product as a yellow oil. The yield was 2.456 g (92.5%). Mass spec, m e 285 (22% 'H NMR % dTA t 
W- 2H, 6.5/ (d. 2H). 3.07 , S . , H >. 3.01 (s. ,H). 2.17 ( S . 3 H). ,.9, (s. 6H). , 80 (s. 6H 0 0^ s eS .'c 1r 

'-■ D. 1 , 14&.0. ,36.2. ,32.7. 130 2. 126.9. 1,6.9. 55.2. 20.5. ,4 3. .2.2. ' 
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J o 2 solution of 2 233 o a g? 
ether was slowly add^ cV-, mm °° (p " tolu,dino WimethvOnet^motK , , 

, 0 , ,,, , ,si. - »• »«. « , tt'Z^ZXl 

««« ««e,ed and ,„e solve , ™ ™ F >-" ™ ml "» 3 wa ^'^l*™ 

colleaed on a Iril and <,,,„ „„„„ ,emo » e << The result,,*, s0 | ia . « «"eO several days. 

"MR IC 0- 1 i 7 26 T->Z """ ,CM The rigid ol eive^? 6 and "** »as 

To 0.7836 g (3.363 mm*) Zr C l< in a fi, , 
*<*d in rJZX TXZZ ' he «""<>"< ,« ™'n a S """ 

" yJ ^^^^ ..CNon* ' 

^ ' a,,e8 -"^'"«-,h y , ( ,e„an,e 1 h / , cvctopenla0ie „ > „ si|ane 
T ° a solution of 1 ,000 a 14 ^ 

' *■ 6HI. , 76 , s 6H , 04, f ' '' H <C<n.l » 70-7.24 (m 5H, , ,, „ , *° T'6'd was ,.234 a 

*>■ - -°° 7 *• ■* •* - 2 4 3 .ri23.; H, , 2 ^ 

— - ~o,d, m e,n y ,„e„an, el h y , cvc , opema0w/ , K , |ane 

T o s SOJuiion ol l 091 n n Pnr 
emovc-c L .r C er ,^„-^ , P re C'P<late. The reaction Vti.xture *„ c . e so,venl - A Pa'e 
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' c )<Ben 2 ylamic,o)dimethyl(,eiramethy.-^.cyclopent a dien y l) 5 i!anet lte niumdichloride 

A slurry ol 0.5052 g (i 699 mmol) difithium (benzylam.doKdimethvlWtPtr^.hi,! - , , 
Silane and 0.5673 g (, 699 mmo() j\Q\ t (THFfe in 40 mL JT^TT^^T^^ 
s green-brown react.on mixture was filtered and the sofven, was removed The dak c lv ZL * * 
■n Pentane and the product was coNected on a frit and washed Z"cJ*^l^? 
rr.* T to give the product as a greenish yellow powder. Yield: 0 2742 c { T Q Z H ^ f/n 
(n-,2H). 7.02 (m. 3 H). 5.37 (s. 2H). ,.99<s,6H). 1.98 (s. 6H) 0 03 f< 6H) " C "in ^nV' & ? ' 9 
135.8. ,29.0. 128.8. 126.9. ,26.6. ,26.3. ,1, 6. ,03 6. 59.3. 15.6 , 2.4.' 1.7 ^ ' ^ 14 °' 8 - 

Polymerization 

The polymenzation procedure of Example 80 was followed us.ng ,0 micromoles nf th„ ,k 
'5 The polymer yield was ,4.4 g. Mw = Mw/Mn = 5.0. mel, index - 25, Zsay l 0 L9690 

gmpje 93 Prepay of (Bgnzy^ ,^ 

In a flask were combined 0.3930 g (1.687 mmol) ZrCU 0 5015 g m ga? m ,™ii ^ r.u 
d.methyKtetramethyl^cycfopenta d.eny.Jsilane and 40 mL ^ B ^^ ) XI^? 1, ? ,0, ■ 
•or several days then fiftered and the solvent was removed under reduced pressure 7^^ ^ 
was sfurried in pentane and the product was collected on a frit and^u^^JSr 
.5 the off-white tan product: 0.2873 g (38.2%). ,H NMR <C 6 D 6 ) 6 7 5, <c I 2H) '23 f . ^ n? 5 "^ ^ °' 
,'H). 5.00 (d, 1H,. 2.45 (s. 6H>. 2.05 (s. 3, 2.01 (s. sk ^T^O^^^^i n'' ^ W ' 
135,. ,32.2. 131.8. 129 4. ,29 0. ,28.9. ,28.8. ,27.0. ,26.6. .^5^^*^ 

(a)(Phenylphosphino)(dimethyl)(tetramethylcyclopentadienyl)silane 

To a solut.on of 1.500 g (6.983 mmol) (chloroKdime.hyljjtetramethylcyclopen.ad.envlKii.n. n « , 
W3S S,0W, V **** ,.,248 g (7.665 mmof. excess added a 5 GC .niftSK^ 

(b) Diii,h,um (pnenyl P hosphido)dime,hyl(ietrame,hylcyclopen,adienyl)s.lane 

To a solut.on of 1.858 g (6.451 mmol, (PnenylphosphinoKdimethy.Ktetrame.hyfcyclODenlad.en.., «, 
•n 65 mL ether was slowfy added 5.2, mL of 2.60 M (13.55 mmol, butyl.i.hium iS c lT 
w. h the forma„on 0. a yellow.sh precipitate. The reaC.on m.xture was 3 rre To« tL ' h " ^ 
collected on a fr., and washed w,, n pentane. then dried under reduced pre^^TS " T 
wh„e powoer. The ye,d (0 5 ether adduc, by 'H NMR spectroscopy, was 2 0sZ Q ^ ^ 35 * 

<c)(Phen y iphoson,do)d 1 meih y i(t cl ,am e .hy|.^-cyclopen t adieny: ) s,iane I i.an,umd,chlor l de 

m a (lask were combmeo 0.900 9 (2.668 mmoi, d.iilhiom ^•. v , W £- l00 ,,rm-n ■ , 
cyciopen, 3 d,en yl)S( lane (0 5 ether adduct, and 0.8907 g (2.668 mm „ T^TH^w * ^T^nAl' 
coio, ,n S; an,. v cranged ,0 deep green-black on addition of toluene The rear on Z \ * 
^ ^ ^ "« — - ^ — - —ved. The ca, :e S ,c^ ^ T'aae^,^^ 



J5 



50 
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and filtered to leave a green-brown p f0 duci on the frit (0 2477 g, and a black oias*v nrnd„r. ™ 
the oentane (mm ih« liitrato y ' 0 D aCK 9 ' assy P f0l ^ct on removal of 



the peniane from (he filtrate 
• Polymerization 



The polymerization procedure of Example 80 was followed usina 10 micromoles of the alW ™ ■ , 
• ne poiymer yield was ,4.4 g. Mw = 27.700. MvwMn « 5.0. mei, index = 25 T oensi.y = 0 S ' 

) 

To 0.6217 g (2.668 mmol) ZrCL in a flask was slowly added 3 mL diethyl ether Th* w 

S oTooH Tee, ~H yieW 3 S0 ' id wh ' ch was broken up * a ~ h e\o7 d w~:d 

wrt 10.9000 g (2.668 mmol, dMhum (Phenyl P h OSp hido)dimethy.(,etrameth y |.,^ y c«open,adienyl, s i° a rand 
75 ml toluene. The color changed (o deep red-orange on addition of toluene The reaction m 1 1 , 

™ S0 Tr days - then r r se so,ui,on was ,,,,efed f ™ a ,a ^ o?*::z:zz:z 

and the solvent was removed. The residue was slurried with pentane and filtered A brown 7 
collected on a frit and dried under reduced pressure. S °" d W3S 

Example 96 P reparation of (Jer vbutylam.do^imethylQndenynsilanetitan.um d.chlorid e 

(a) (Tert-butylamino)dimethyl(indenyl)silane 

To a solution of 5.255 g (71 .8 mmol) tert-butyl am.ne in 75 mL ether was adden -inm n /,^ 
(ch,orodime,h y , s „y„indene. Precipitate formed win a few «J^™™£^ A ^* 
was stirre d overnight, then the solvent was removed, the residue was UStTp^J3l£S 

r e tzezzsz pressure ,o 9,ve lhe ~ - ^rasss 

(b) Dilithium (tert-butylamido)dimethyl(indenyl)silane 

To a solution of 3.125 g (12.73 mmol) (tert-butylamino,dimethyl(indenvl)silane in 7s mi 
s.ow, y add 0 1028 mL of 260 M (26 73 mmo|) blAym J in ^c^^^cSTol^ 
precpaate-free solution darkens sl.ghtiy to beige-orange. The reaction m,*^^^^"* 

together. The pentane was decanted and the washing procedure was repeated several limes ih^ tflvE 
was dr.ed under reduced pressure. The yield was 2.42, g (73.9%). S0 ' ,d 

(c, (Ten-but y iamido,dimeth y i(inden y i)silanetitanium dichlonde 

1 ^enr'-l^v" 6 ' 6 "J?"? 9 (3887 mm0,, di ' i(h ' um ( 1 ^bu. y iam 1 do,(dimeth y l)(,ndeny„ sl .ane and 

mire ' ^ 7 ° mL ,0 ' Uene - A deep fed colof «"*P* The reaction 

M WaS S " rred ,h ' ee d ^s. .hen filtered, and the solvent was removed. The res-due was extracted whh 
pentane ano f.i.ered to 9 ,ve the p-oduc, as a red m,crocr y s,a...ne materia,. Tne y*« was 0 9,7 9 (3, 90 



Polymcft^aiion 



The ^M^,:a;;cn P .ocscure o» Exempie 60 was followed using 10 rr..aomo!6S 0 i ;r.- -bo- comnlrv 
'he poiyrnei yieid was 14,8 o complex. 
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Example 97 Preparation ol rr^ .-butylam,do)dimethyl(,ndenyl) S ilanWconium d.chlonde 

To 0.9057 g (3.887 mmol) ZrCU in a flask was slowly added 2 mL THF The excess THF ^ 
under vacuum , 0 yield a so„d which was broken up to a powder ' 000 oTas ^ 
■ (•ertbo.y.amidoWimeihy.findenyl^.ane was added along w.th 70 mTTollJ The Lu^sW ^ 
or several days afler which the solution was filtered and ,he solvent ^J^TSS^^ 

^::^i;^r ,,i,e,ed and dried ^ — p ~ t — 0 ^ f0 r b ; h : 

B^plg 98 Preparation of (M elhyja^^ 

(a) <Meth y iam ( no)dimethyl(ieiramethyl-^-cy C lopentad.enyl)-'silane 

THF 1 "!,^ 501 "'^ °V 900 9 (8845 mm0,) < chl ° fo >< dime,h y | )(^^^hyl Cy c.open.adien y .) S i l ane in 75 mL 
THF was qu.ckly added 0.3272 g (8.846 mmol) lithium methylamide. The clear solution was 1^ 

ZTgcI n 6 d TfT ,ith ' Um me,hy ' am,de ,0 9 - 9 062 mm °' «* -s adLd as gas Zm ^ 
raphy (GC) ,nd,cated the reaction was incomplete and the solution was st,rred overnight again The sotS, 

reLed ' ^ S eX,faC,ed WUh Pemane and ,i,lered - «- *• pentane 9 was emled undo 

reduced pressure to give the product as a very pale yellow oil. The yield was i 698 a (91 wTSZ Tl 
-e 209 03 percent,. 'H NMR ( C; D 5 ): a 2.82 (s. ,H). 2.33 (d. J - 6 6 Hz 3H> 1 95 t 6 m , ffl (s Tm 
-c0.04 (s. 6H). 13 C NMR (C 6 D,: * 135-4. 132.7. S6.1. 27.8. 14.0. 11.0. -3.5. ' *' (S ' ^ 

(b) Dilithium(meth y iamido)dimethy|(tetramethylcyclopentadien y l)silane 

ml Lho S °' U ! ,0n ° M S63 9 (7 463 mm0,) < me,h y |amino '< dim ethyl,(tetr a methylcyclopehtadienyl, silane in 6S 

so^ Th ?V ,:,) ^ S ' 0W,y 3dded 6 03 mL °' 2 60 M < 15 - 7 mmol > b "ty«'^um in mixed T^LL! 
soKrent. The so.ut.on turned to a thick syrup wh.ch broke down to a slurry. The reaction mixtures S "ed 
overmght. then ,i.,ered. The solid was washed several times with ether, then w„h penZTZnZZZlr 
reduced pressures give the product as a white powder. The yield was 1 883 g oi a 25 X^dduct a s 
de.erm.ned by 'H NMR spectroscopy. 'H NMR (THF a-8) I 3.41 (q.J = 70 Hz M) 2 45 TZZtS ? 
6H). 1 93 (s. 6H). 111 (,. j = 7.01. ,5H). 0.01-0.14 (br 6H) >- <S ' m 2 01 (S ' 



"5 
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(c) (MethylamidOdimethyKtelramethyl-^-cyCopentadjenyDsjta^,.^^^ dich|orjde 

To a solut.on of 0.6708 g (2.597 mmol, d-lithium (meth y lamido(d.meth v l(tetram P thvi « , h 
«ad,eny„si«ane in 80 mL THF was added all a, once 0.9623 g (2.597 mmo i C ^^^7^"" 
= ^ turned , ntense brown , orange The reacJion mixtur / w < s days. Inert 1 ii g " 298 

and i f ' T 3ddGd ' ^ S ' Urry W3S Stirred Severa ' after whi <* reaction mixture Tasked 
and the solvents we fe removed under reduced pressure. The residue was extracted with toluene the dark 

Son TZ T " ,,ered a0d S0 ' Ven ' W3S rem ° Ved ' A " er — "«h pen, ne and 

he bnoh ' T C ° nCenlra,ed 10 3 "9 ht *«V " ^ ^rk red solution. After cooling to -30 "C 

the bngh, yellow product was collected on a frit, washed with pentane and dried under reduced pressure 
The R y,e,d was 0.3168 g (37.4%,. 'H NMR <C«D<>: I 364 (s.3H, 1.97 (s. 6H,. 1.95 (s 6H) 02MsTh) C 
NMR (CD,): 4 140.5. 135 5. 103.0.41 8. 15.5. 12.3.0.6. ' ' 

Polymeriz ation 
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O) Elhyi 2-(te.rame(hylcyclopentadienyl,acelale * 

' 5 ^o7r;^~ - - ^ cooled 10 .a' 0 and 3.000 9 

was allowed ,0 warm ,0 room Li^^i^^^^^ * * ^ ^ S ^ 
was extracted with pentane and filtered The oentane ~™ „ . W3S fem ° ved ' ,he 

3.733 9 (86.3%,. Mass spectra m e 208 (4, percent) ^ 3 ""'^ ° f iS ° me ' S - Yie,d was 

(b) 2-(Tetrame.hylcyclopentadien y l)t e rt.butyl acetamide 

cyc«o P en,adieny, acetate was added Th " ^^xL 5 ^ mUteS - 3 40 « e^'^elramelhyl- 
warmino. Af, er aqueous workup the .roZ^TSas o^Jlt * while W 

semicrystaUine paste. Mass spectra m.e 235 (2lt) m ' X ' Ure °' ,hr6e ' SOmers * s *» orange 

JO 

(C)1-(.ert.butylamino)-2-(tetramethylcyclopentadienyl,ethane 

0.830 g ,21, mmo„ UHium afuminum hydride 
- -aeon was incomplete. The e^Te^Ty Z ^T^ by GC ^ * 

«he so.u,,on was reduxed for sever" ayt AfLT CeoJl " ^'"^^ride was added and 
^ethytcycopentadienyoethane .somers we^o. Ma^ ^ ^ , ;~,a mi no,-2- 

-o <d »Di.i,hium W.edbut y ,amido,-2-(^^ 

-cenM™ 

50 m L ether was slowly 1^ b V GC. ,.34 9 <6 .06 mmo!, i 

* form al , on 0 , a yell0w precip(tale i^^t^^T ' n m,XCd C " a ' kane S ° ,Ven ' 

Powder was washed several times w„h e'her then did undZ ""^ The "9 ht Y*** 

(55.9%). "H NMR (THF d-8): 6 2 43 mr m Z\ « ^ . „ PfeSSure - Th « yield was 0,7908 a 

'09 5. ,07.3. ,06.3. 50.5. 45.4. 29.4 28."" 20 2 ,'a 9 . 1 0 8 ^ ^ ' °° ^ 9HK ° C NMR < THF ««)= * 

50 

Q <« ■ ■< T ^-«V«~*,- 2 , 1 e„a m e»,»,.,--.c y c,o re „ M , eny „ el „ ane0 , vl ,„ a „„ m 

- -eacon rroxto-e was stared overnight ,hen , ,2, o ,7 fip Il.Tr ^ qi " C,<ly ,ume0 ° ree " Th c- 

co-or began ,0 chan g e to brownJca ge he ,?, Z s sZ o f ' ^ W " hm 3 ' ew m '™ es «*• 
under reouced pressure. The res-due was toTm VS ^ S °' ven,s wefe ^oved 

- n , 0 , as „„: C1M rrrcr^rr is s rr- rr 
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It .3.0 Tzi 6 '' ' M ,S " 6H »' "" * 9H ' ' !C Nm < C <<^ « '*0. 1«3. .266 6 J:,M 7 % 86 



Polymerization i 



Polymerization 2 



'S The above polymerization procedure was repeated exceoiinn thai nor 

mereahon. The polymer y.eld was U.4g, mel, index <0.1. density = 0.9n 9 ^ ^ P °' y 



20 Polymenzation 3 



25 



Polymerization 4 



30 



40 



^5 



!>0 



ml THF was added and the slurrv was «irr»n iT Her S " mn 9 Sf » er * days. 1 

*«-. and the solvent SJl^^^S^ p est T 2^ T* *~ **«« ™ 

on a frit, and orieo under reduced pressured ZToi ZTl T S,Umed * Pe ° ,ane - C0,,ec,ed 

(CD,,: 4 2.75 „ c , d , , H) . 2 38 <m 2H> 2 1 1 3 6 ? *" 0<53 ° 7 9 ' H ™ R 

Example 102 Terpc-iymer Polymerization 

e v , 3 "° A, T ' °' 1000 ' R esciion conditions and resulls are 



contained in Table VI 
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£^ am pl e J03 Slurry' Polymerization 



The following example demonstrates the use of a catalvst m ,h 

cono.fons. The procedure ol Examples 1,-32 was substanlSv ,1" PrSSen ' ' nVen,i °- n U ° der Slurry 

run under conditions where the po.ymer wasinsoub* TtoTZZT*' ^ ' he reac *'°" was 

reaction mixture as formed. The Uperafu wa 70' C ,0 mo, h0m ,he 

solvent, and 5 mL of 15 percent MAO in toluene H280 AITii . ^ 119 ° mL °' mixed «"«ne 

dra.ned to give 4.6 g of po.ymer. Additional sol ent wa s lZZ'Tf **~ "° ,he was 
^ 0ve the polymer that had formed ,ong +^ZZZZ» 



75 



IS? - S=S5 - <I?=±~«2~ 



ium(lll) 



.Coene was , e ™ VM M , rea „ cea press «**» «•«* - «- 



Polymerisation 



25 



30 Example 105 



B 56700. M.-Mn . 4.5. o**,, . 0.887 ' - ' '*" , " ne, " aS 76 " 9- M » ' 

Examp le 106 

The polymerization procedure of Fxamnip mc ^ ^ 
* -as so" C. the amount o, ca,a.ys use w a ? 2 5 mLont. '°" 0Wed 6XCepl ,ha < the 'emperature 

«he amount o, mixed ^ 's^^^T^^^ °! 1 -° C ' ene 250 ™ 

Po-ymer y, e .d was 51.1 g. The me., ,ndex was 0 1 1 " ^ a "° Wed '° proceed «* 1 "our. The 

1°* ,0 ' Uene - 10 mL °' ™ F -s added, the 
was heated ,0 r e „ux. Aher 30 nZ^^^^^^^^ ^ THe solution 

» unoe, reduced pressure. Pentane (20 mL) was added 2 T I T & ^ "™ f ^ea 

removed under reduced pressure ,0 Lave aThi, e ^ This so d" -T '"IT"' ^ ^ ^'^ 
Pen«a,e :o y , e ,d 0.077 g „„%, 0 , a while solld . ,H n^^,-?^ 3 Sm3 " quan, " y °' 

When ethylene was po.vme,i2ed subs.antia.lv arrTr,™ h 30 <9N) " 0 44 < 6H >- 

o' PC,m y ,eno .as recovered " ^ * P ' CCGdu ' e °' Examp* 7. a small amount 



Comrcraiive i 
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The polymerization procedure of Example 105 was followed excep, thai the ca.alvst was DPn, am .,h , 
cyclopen.adienyititanium .richlonde. The polymer y.eld was 4.6 g. Pentame(h yl - 

\ 

5 Comparaiive 2 

The polymerization procedure o! Example 97 w 3s , 0 „ow*« „ xceot (he rJrtJ) ,^ _ 
o 15H). 1.35 (s. 9H). =3 C NMR (C 6 D 4 ): * 61.0. 31.3. 12.6). The polymer yie.d was 2 0 g. 88 (S " 

Comparativ e 3 

The polymerization procedure of Example 105 was followed exceot that the rai*i uc i « k , 



Comparative 4 



20 



25 



30 



The polymerization procedure of Example 105 was followed except that the cataiv^i w « h- . 
Comparat ive 5 

The polymerization procedure of Example 105 was followed except that the catalvst w a <= h> , 
tad,ny,,itanium dichloride. The po.ymer yield was 7.3 g. me,, index, S^SSSS^ A cCS 
was 9 rea,er «™ 1 000 indicating a very low molecular weight po.ymer. 

Claims 

' 5 .1 ,k m ! ,a ' coordina,ion com P ,ex comprising a metal of Group 3 (other than scandium, 4,n„ r fhA 
anthan d series of the Periodic Tab.e o, the E.emen, s and a delocalized n^J^X^sZZX 
a cons, am-mducmg mo-e.y. said complex having a constrained geometry about the metal atom suS Tt 

*o ° id on , , ma ' nln9 SUbSt " Uent iS ' eSS ,han S ° Ch 3n9 ' e m an «W comptex differing only n tha 
«> said cons,ra.n-,nduc.ng substituent is replaced by hydrogen, and provided further that for l.rh Z , 

of ihe complex , s a cycl,c. delocalized. subsiituted n-bonded moiety 

2. A metal coordination complex as cla.med in Claim 1. where.n said delocalized n-hond P d 

aikene. aikeny,. alkyne. afkynyl. ally., polyene or po.yenyl mo-e.y ^ ^'^ ' S an 

" cyd.cm'oty 00 ^" 13 " 0 " " " Qaim '" Where, ° Sa ' d de,0Ca,i ^ "-bondec mo.ety is a 

11,::: cia,med ,n c,aim 3 where,n sa,d cyc,ic ^ ,s « 

so ^L^c^; d ^h n h co T x as c,a,med ,n c,a,m 3 ° r cia,m 4 where,n said c ^ c ™^ par, 0 . 

^i.h ^Tcyc" 53 " ,S b ° lh b ° nded ,0 30 adJ3Cem COva,enl mo<e, V association 
6. A metai cooiomation complex corresponding i 0 the formula: 
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Cp* __ M 
\ 

(X) 



n 



wherein: 



^Cn™ 6 * " "*"* " 9ana 9 ' 0UP °' ™"" al l ~> — ««« ««P ~« * .0 30 „ 
" * 0. 1 . 2. 3 or 4 depending on (he valance of M and 




jo 



hydrocarbylong fused to the cyclopentadieny. moiety ' P °' R 9f ° upS ' orm a 

X each occurrence is hydride or a moiety selected from halo a.'kvl silvl n P rm,i 

al^oxy. s.loxy and combinations thereot having up ,o 20 no "hydrogen "Lorn and^' /Tf ' ary '° Xy - 

ligands having up to 20 non-hydrogen atoms: eUlral Lew ' s base 

V is -0-. •$-. -NR\ -PR"-, or a neutral two electron donor dganc -e'ec'ed <rom nf dr- cd- 

M is as previously defined: and -- ec.ee .rom of OR , SR . NR or PR".-; 

2 is SiRv. CR : . SiRVSiRV. CR- r CR- 2 . CR- = CR". Cr".-S.R":. GeR"- 6R" BR"- 

10 A meiai coordination complex as claimed in Claim 9 »r e , e .n v i« an -mM« n . • 
contending , 0 the lormufa -N~- or -P R \ wherein R i;;C ... a Vvi loi »y. ' " ° ^ 

11. A meiai coordination complex as claimed in Claim 10 wn, C h - - n -„. ■, 
compouno cor.espona.ng l0 the < 0 ,mu.a: ^'dosilane or am.doalkaned.yl 
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M is titanium, zirconium or 

>s t is silicon or carbon ' eof hav,n 9 

n « 1 or 3 depending 0 n th e vaience of M 

A metal coordination comntex ac „ 

benzyl or phenyl. -'anydrofluorenyl group; and X is chioro. bromo iod C ! md& " yl ' 

'3. A metal coordination ccmp le x as claims ■ ' ~* 

l>alni um . as ?»»•« in C.» m ,7. „ herel0 sa „ 



35 



•»• - — ***** co me ,„ selecled , 
^ a metal coord,na„on complex aT c ai " h PnS ' n9 

W an actuating cocatlvst. ^ any ° ne °' ,he P^ced-ng Cairns, and 

21 A catalyst as claimed .n Cla.m ?n ^ 

22- A calalys, as ca.med . n 2 , T aC ' mn9 C ° Ca,3 ^ s ' com P^es an alum 

- c '5'vsi c c claimed n C'£ m ?i k 



ALR„X - 
therein 

R js eacn occur rc-r,.- e r. -.■ 

X 'Shaken: 5 ^ " °' SrS ' ky ' 

n is i 



25. A process for c-rfcaarm- " r* m i 

• ■ • Corrr-fijoncnc !r, -he Icm.Wa: °' C ' :c,5s0 b0a ^> i'K-K-O* with a 
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(L * x)yiCp'-Z-Y)- or (LX") + x)y(Cp*-2-Y)"^ 
wherein; 

n, Cp\ M. X. Y. and Z are as defined in Claim 6; 
L is a metal of Group 1 or 2 of the Periodic Table of the Elements, 
x and y are either 1 or 2 and (he product of x and y equals 2. and 
X is fluoro. bromo. chloro or iodo. 

ir. an ir.en aproiic solvent, and. when the metal compound is of the fcrmu'a MX 

(b) contacting the product of (a) w,,h a non.nterfering ox,d, 21 ng agent to raiseVhe oxidation state of the 

fn OaZVn, V^rr'r 3 Ca,a,yS, ^ C ' aimed " Cla ' m 2 °- COmpnSm9 COnl2C,1 "9 a complex as defined 
m oiaim 1 or Claim 6 with an activating cocatalyst. ° 

27. An addition polymerization process (or preparing a polymer by contacting one or more addil.on 

txzzz^zr w,,h a under addi,ion ^m^^zi t tz 

catalyst is c s defined in any one of Claims 20 to 24, 

28. A process as claimed in Cairn 27. where-n the addition polymer.zable monomers are selected from 
ethylen.ca.ly unsaturated monomers, acetylenic compounds, conjugated or nonconjugated dfenes and 
polyenes hav.ng from 2 to 20 carbons, and carbon monoxide. 9 ' d 

29. A process as claimed in Claim 27. wherein an alpha olefin is copolymer^ w.th a viny.idene aromatic 
or hindered aliphatic vinyl monomers. yaene aromatic 

3a A process as claimed m Claim 29. wherein ethylene is copolymer^ with a s.yrene or a v.nylcyclohex- 

31. A copolymer comprising ethylene and an olefin other than ethylene obtainable by a process as defined 
-n Claim 27 and having a melt index less than 200 ««„. ASTM D-,238 Procedure A cond^on E) and an 
elastic modulus grealer than 1000 dyne cm'. ccnoit.on t) and an 

32^ A copolymers as claimed in Claim 31. wherein the olefin other than ethylene is propylene isobutvlene 
i-butene. i-hexane. 4-methyl-i-pentene or 1-octene. 'sooutyiene. 

llit^^T^ P ° lymer Comprisin 9 an interpolymer of an olefin and a viny.idene aromatic monomer 
and obtainable by a process as defined in. Claim 27. "wnawc monomer 

34. A polymer as claimed in Claim 33. comprising ethylene and a styrene 

In 'j^r 0 "^ 0 " 1 po, y mer comprising an interpolymer of hindered aliphatic v.nylidene compound and 
an alph-olef,n and obtainable by a process as claimed in Claim 27 compound and 

36. A polymer as claimed in Claim 35. comprising ethylene, and a vinylcyclohexane. 
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